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Objective: To develop a quantitative system to enable the objective assessment of health or pre-chronic disease state.
Methods: On the basis of measured values and reference ranges, we obtained the organ function index (mean of the
cut-off ratios of albumin and creatinine), blood lipid index (mean of the cut-off ratios of triglycerides, cholesterol,
high-density lipoproteins and low-density lipoproteins), stress index (mean of the cut-off ratios of neutrophils and
glucose), and the health test index (mean of the above three indexes, HTI). Elderly populations, individuals with
nonalcoholic fatty liver disease and administrators were included in the groups of observed subjects to verify the
organ function index, blood lipid index and stress index.
Results: The scores of the three indexes were all statistically higher in the observed group than in the control
group (p < 0.05). The mean HTI score was 0.7 ± 0.07 and was normally distributed in the control population. The
rates of hypertension, obesity, fatty liver disease and health (undetectable organic diseases) increased with increasing
HTI scores in a random population.
Conclusions: The HTI is easily derived from routinely measured clinical laboratory parameters. It can reflect the health
status of an individual and may be a useful tool for the quantitative differentiation of health status.
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In modern society, people are highly concerned about
their health. This is manifested by an increasing number
of people who participate in health examinations and
monitor their health status. General health examinations
assess health status by checking for diseases, and it is
very difficult to quantitatively assess health levels with
these more subjective qualitative techniques. We hy-
pothesise that health status can be described as a quanti-
tative event, and a poorer health status is associated with
a higher probability of developing disease.
Health status is influenced by social, psychological
and biological factors [1-3]. Hence, developing a
quantitative evaluation of health status is highly* Correspondence: liuhui60@sina.com
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unless otherwise stated.challenging. Typically, clinical data are derived from
informal, subjective methods, such as questionnaire
surveys, which are highly influenced by subjective
factors. They also require the cooperation of subjects
and are time-consuming to complete and analyse,
meaning that this approach cannot be easily applied.
Therefore, a new method of quantitative evaluation is
required to assess general health status.
Deteriorations in health status or pre-chronic disease
state caused by any reason will induce changes in a
range of biological factors that increase the possibility
of developing disease [4,5]. This process is accompan-
ied by changes in clinical laboratory parameters [6-8].
Therefore, clinical laboratory parameters could be used
to evaluate health status. In modern society, health sta-
tus is mainly influenced by psychosocial stress, overnu-
trition and the ageing process, whereby, three groupal. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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level (reflecting stress) [9-11]; the triglyceride, choles-
terol, high-density lipoprotein and low-density lipopro-
tein levels (reflecting blood lipids) [12-14]; and the
albumin and creatinine values (reflecting liver and kid-
ney function) [15-17] can be used to evaluate health
status with respect to three dimensions. Our group has
used laboratory parameters to evaluate health status
with respect to one dimension [18,19], and this may be
the first report to establish an index for evaluating
health status with regard to multiple dimensions using
laboratory parameters.
This study was designed to develop a reliable method
to undertake multiple measurements of routinely mea-
sured laboratory indices that are associated with health
status. The basic concept underlying the analysis was the
evaluation of the impact of different trait-based health
indices of somatic health as indictors of health status,
which can be used to simplify a complex problem. Dy-
namic changes in adverse health status-related experi-
mental indicators within specific ranges can be observed
systematically, and biological markers of health status
can be selected. In this manner, we aimed to establish a
quantitative or semi-quantitative system to objectively
assess the general health levels of an individual using la-
boratory indices.
Methods
Evaluation indicators and evaluation model
The evaluation indicators of organ function included
albumin (Alb, 37 ~ 53 g/L) and creatinine (CRE, 60 ~
130 μmol/L for males; 40 ~ 110 μmol/L for females);
the evaluation indicators of blood lipids included tri-
glycerides (TG, 0.22 ~ 2.29 mmol/L), cholesterol (Chol,
2.80 ~ 5.20 mmol/L), high-density lipoprotein (HDL,
0.80 ~ 3.26 mmol/L) and low-density lipoprotein levels
(LDL, <3.12 mmol/L); and the evaluation indicators of
stress included the neutrophil count (Neut; 2.0 ~ 7.0×
109/L) and glucose level (GLU: 3.60 ~ 6.10 mmol/L).
The cut-off values could be obtained from the upper
or lower limits of the reference range on the basis of
the clinical significance of each indicator. According to
the cut-off values, the above indicators were converted
into a ratio of cut-off values. A larger cut-off ratioTable 1 The cut-off values and formula for calculating the rat
Indicators Cut-off values Ratio of cut-offs
Alb 37 37/MV
CRE Male: 130; Female: 110 Male: MV/130; Female: MV
Neut 7.0 MV/7.0
Glucose 6.1 MV/6.1
MV: measured value.represented a worse health status, and the numerators
and denominators of the measured values of various
indicators that were converted into the cut-off ratios
were different. For ALB and HDL, the lower limit value
was recorded as the numerator, and the measured
value was recorded as the denominator. For the other
indicators, the upper limit value was recorded as the
denominator, and the measured value was recorded as
the numerator. The cut-off values and formula for cal-
culating the ratio of cut-off values for each indicator is
listed in Table 1.
For example, if the upper limit value of Neut
was 7.0, and the measured value of Neut was 3.5, the
ratio of the cut-off value was 0.5 (3.5/7.0) for Neut. In
theory, an HTI score >1 was considered a marker of
disease.
The means of the cut-off ratios of ALB and CRE
were defined as the organ function index, whereas
the means of the cut-off ratios of TG, Chol, HDL and
LDL were defined as the blood lipid index, and the
means of the cut-off ratios of Neut and GLU were
defined as the stress index. Finally, the mean of the
above three indexes was defined as the health test
index (HTI).
Subject selection
All subjects were Chinese individuals who had visited
the Second Affiliated Hospital of Dalian Medical
University, China, for routine health check-up exami-
nations. The experiments were conducted in accord-
ance with the Declaration of Helsinki. The blood
samples were taken during routine care of the subjects,
rather than for research purposes alone. The Institu-
tional Ethics Committee of Dalian Medical University
approved the study and waived the need for written
informed consent from the participants due to the
observational nature of the study.
An elderly population was examined to verify the
organ function index [19]. The elderly population con-
sisted of 100 individuals (50 males and 50 females)
over 50 years of age without organic disease as de-
tected by imaging examinations. Their average age was
61.3 ± 10.1 years. The control group consisted of 300
individuals (150 males and 150 females) between 20io of cut-offs for each indicator
Indicators Cut-off values Ratio of cut-offs
TG 2.29 MV/2.29
/110 Chol 5.20 MV/5.20
HDL 0.80 0.80/MV
LDL 3.12 MV/3.12
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by imaging examinations with an average age of 30.2 ±
4.7 years.
Individuals with nonalcoholic fatty liver disease
were examined to verify the blood lipid index [20].
Fatty liver diagnoses were made using ultrasonography
based on the finding of a bright liver (increased
echogenicity) with liver − kidney contrast (increased
echogenicity of the liver compared to the right
kidney). Subjects in the fatty liver group who met
the following criteria were excluded from the study:
(1) those suffering from other liver diseases, such as
viral hepatitis; (2) a dependence on alcohol; and (3)
>40 years of age. The fatty liver group consisted of
100 patients (50 males and 50 females) with an average
age of 32.3 ± 4.6 years. The control group consisted
of 200 individuals (100 males and 100 females), 20
to 40 years of age without organic disease according
to imaging examinations, with an average age of 30.7 ±
4.8 years.
Administrators were examined to verify the stress
index [21]. A total of 36 administrators (25 males
and 11 females) were selected from the deans of a
University in China. All administrative work was per-
formed by themselves without the assistance of their
secretaries. Their average age was 45.2 ± 4.3 years. The
control group consisted of a total of 36 teachers
with an academic title below associate professor and
without an administrative post at the same school, and
their age (43.6 ± 4.2 years) and sex (25 males and 11
females) were similar to the administrative manage-
ment group.
The healthy population was examined to test the valid-
ity of the HTI. A total of 400 subjects (200 males and
200 females) without organic disease as confirmed by
physical examination were included as subjects with an
average age of 37.9 ± 15.0 years.
In addition, a random population was examined to
observe the relationship between the HTI and the
health status. A total of 1,200 individuals (600 males
and 600 females) were selected from the university
staff with an average age of 46.4 ± 16.3 years.
Blood sampling and blood analyses
At 0700, fasting blood samples (5 mL) were drawn from
the antecubital vein of the subjects in two vacuum tubes,
one of which contained an anticoagulant and was used
for blood cell counts, and the other was used for the
determination of biochemical indices. To obtain serum,
the tubes were centrifuged for 15 min. After separation,
the serum samples were stored at −70°C until further
analysis.
For each evaluation, the neutrophil count was
determined using an automated haematology analyser(Sysmex 2100; Japan). Serum samples were thawed
thoroughly at room temperature and subsequently
assayed in same run. The biochemical indices were
measured by an automatic biochemistry analyser
(Hitachi 7600). The haematological and biochemical
investigations were performed in the clinical laboratory
of our University Hospital using standard commercial
reagent kits.
Imaging examinations
The imaging examinations included ultrasonography
and X-ray examinations. Ultrasonography was con-
ducted with a Hitachi 7500 and an ALOKA3500
diasonograph with a probe frequency that ranged
from 3.5 to 5 MHz. The examined organs included
the liver, gallbladder, spleen, pancreas, kidney, prostate
(males) and uterus and its appendages (females). Be-
fore the examinations, all subjects fasted for over 8 h.
The abdominal examinations were conducted with
the subjects in a supine position and in the left and
right lateral positions. The subjects drank 1–1.5 L
water within 1–2 h before the ultrasound examination
of the bladder, prostate (males) and uterus and its
appendages (females) to ensure that the bladder was
filled.
The chest X-ray examinations were conducted with a
Shimadzu X-ray diagnostic apparatus (SHIMADZU
HL150). Anteroposterior and lateral chest radiographs
were acquired during the resting stage of deep inspiration.
Various pathological changes or suspected pathological
changes in the above imaging reports, except for skeletal
abnormalities, were defined as organic lesions in this
study. Subjects without any specific imaging findings,
except for skeletal abnormalities, were considered
‘normal’ in this study.
BMI and hypertension
The body mass index (BMI) was calculated as the sub-
ject’s weight (kg) divided by their height (m) squared.
A BMI ≥25.0 was defined as obesity according to the
classification of adult body weight in Asian popula-
tions [22].
The blood pressure was measured twice consecu-
tively with a standard mercury sphygmomanometer
according to the 1999 guidelines of the World Health
Organization and the International Society of Hyper-
tension (WHO/ISH) [23]. Subjects with a systolic pres-
sure ≥140 mmHg and/or a diastolic pressure ≥90 mmHg
in the absence of antihypertensive drugs were considered
hypertensive.
Statistical analysis
Using the measurement values and reference ranges, we
obtained the organ function index, blood lipid index,
Figure 1 The distribution of the original data in the healthy population.
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indicators and evaluation model” section. The indices
were described in terms of quartile values because
some of the indices had a non-normal distribution.
The Mann–Whitney U-test was used to analyse the
differences among different groups.
A Normal P-P Plot of the HTI was constructed to de-
termine whether the HTI showed a normal distribution
in a healthy population.Table 3 Comparison of the blood lipid index between the fat
Group TG 50th (25th, 75th) Chol 50th (25th, 75th) HDL 50th
Fatty liver 1.85 (1.24, 2.39) 4.96 (4.45, 5.66) 1.09 (0.98,
Control 0.86 (0.66, 1.10) 4.35 (3.92, 4.88) 1.34 (1.12,
Z 9.440 5.282 5.189
P <0.0001 <0.0001 <0.0001
Table 2 Comparison of the organ function index between the
Group ALB 50th (25th, 75th) CRE
Old 46.15 (44.30, 47.38) 69.00
Control 47.80 (46.43, 49.30) 67.00
Z 6.636 2.133
P <0.0001 0.034Statistical analyses were performed with SPSS statistical
analysis software for Windows (SPSS, Chicago, IL, USA).
A difference was considered statistically significant
when the P-value was less than 0.05 (two-tailed test).
Results
The distribution of the original data in the healthy
population is shown in Figure 1. Some of them exhibit
non-normal distributions.ty liver disease and control populations
(25th, 75th) LDL 50th (25th, 75th) Lipid Index 50th (25th, 75th)
1.26) 3.03 (2.55, 3.51) 0.87 (0.78, 1.00)
1.58) 2.54 (2.11, 3.04) 0.67 (0.60, 0.75)
4.342 9.038
<0.0001 <0.0001
elderly and control populations
50th (25th, 75th) Function Index 50th (25th, 75th)
(59.00, 79.00) 0.69 (0.65, 0.74)
(54.00, 76.75) 0.66 (0.63, 0.69)
5.291
<0.0001
Table 4 Comparison of the stress index results between the administrators and the control population
Group Neut 50th (25th, 75th) GLU 50th (25th, 75th) Stress Index 50th (25th, 75th)
Dean 2.95 (2.49, 3.80) 5.90 (5.49, 6.22) 0.71 (0.65, 0.79)
Control 2.64 (2.14, 3.65) 5.64 (5.39, 5.97) 0.66 (0.60, 0.72)
Z 1.594 2.033 2.219
p 0.111 0.042 0.027
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lipid index and stress index for the different observed
groups are shown in Tables 2, 3 and 4. The scores
of the three indexes were all significantly higher
in the observed group than in the control group
(p < 0.05).
The distribution of the HTI in the healthy population
is shown in Figure 2. The mean was 0.70, and the
standard deviation was 0.07. A linear relationship be-
tween the expected and observed variables was found
in the Normal P-P Plot (Figure 3), suggesting a normal
distribution of the HTI.
The HTI scores were measured in a population
containing 1,200 randomly selected individuals. The
HTI scores were ordered from the smallest to the
largest values and divided into lower, medium and
higher groups containing 400 individuals. The rates of
hypertension, obesity, fatty liver disease and health
(undetectable organic diseases) in the various groups
are shown in Table 5.
Discussion
Most laboratory indicators reflect the risk of a
disease rather than the presence of a disease; therefore,Figure 2 The distribution of the health test index (HTI) results in a healthyalthough laboratory indices are mainly used for the
diagnosis of disease, they are considered indicators
of health or pre-chronic disease state [18,24,25]. The
changes of laboratory indicators could be obtained
efore organic disease, therefore, non-normal distributions
could be observed for some laboratory indicators in
subjects without organic disease. In the present study,
experimental indicators are divided into three groups
(organ function, blood lipid levels and stress status)
to evaluate the health status with respect to three
dimensions (aging, blood lipids and stress status) and
reflect the influence of different factors on health.
According to the organ function, blood lipid level and
stress index scores, the related indexes can respond
to predetermined factors that affect health, which
indicate that the experimental indicator selection is
reasonable.
It is very difficult to accurately determine the
standard deviation of each indicator because the
standard deviation values use different measurement
systems, and some indicators are not normally dis-
tributed; therefore, the standard deviation values in
various laboratories are different. If a less accurate
standard deviation is introduced into the evaluationpopulation.
Figure 3 Normal P-P Plot of the health test index (HTI).
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although the standard deviation and reference ranges
of experimental indicators provided by different
clinical laboratories are different, each laboratory will
pay close attention to the upper or lower limits of the
reference range. Therefore, the upper limit or lower
limit of the reference ranges were considered the ref-
erence criteria in the process of comparing different
indicators, and it is also beneficial to the compare
measured results between different laboratories. Our
study used the cut-off ratio as indicators to simplify
the calculations, and the study results confirmed that
this method of processing data ensured accurate
results, which means that these index scores derived
from the ratio values correspond to different health
statuses.
In theory, an HTI score >1 is considered a marker
of disease. In the healthy population in our study, theTable 5 Incidence rates of hypertension, obesity, fatty liver d
1,200 randomly selected individuals
HTI group Health test index (HTI) Incidenc
Range Mean Hyperte
Lowest 400 0.537~ 0.64 9.9
Middle 400 0.685~ 0.72 31.6
Highest 400 0.765 ~ 1.753 0.84 58.5mean of the actual observed HTI was 0.70, and
the standard deviation was 0.07; therefore, it was
considered a one-tailed test distribution; if the
HTI was >0.8 (0.7 + 1.64*0.07), it was considered to
indicate ill health or pre-chronic disease state, and
medical investigations were recommended. Put sim-
ply, a lower HTI corresponded to a better health
status.
As there is no gold standard of ill health, we
detected the experimental health indices of 1,200
randomly selected individuals and found that a
higher HTI indicated a worse health status and a
higher the probability of organic diseases (Table 5).
Therefore, we suggest that the HTI can reflect the
health status and is a valid biological marker of
health.
However, some limitations of the study should
be noted. The indexes were generated by the mean
of the multiple indicators in the present study.
Although the mechanisms are different for increases
or decreases of each indicator, it has not been
determined whether each parameter is distributed
independently. Our previous work suggested that
biological variations are independent of each other for
most laboratory parameters [26], thus, it is beneficial
to avoid the impact of biological variations when
evaluating health with using the multiple laboratory
parameters.Conclusions
Various factors influence health through biological
pathways and could be detected by small changes in
the HTI before the presentation of clinical symptoms,
and these small changes may be the only information
that can be obtained in the pre-disease state. Moreover,
the HTI score is objective and quantitative in the
evaluation of physical health, does not require the
cooperation of subjects and can be used for the cross-
temporal comparison of health status between differ-
ent populations. Therefore, the HTI derived from rou-
tinely measured clinical laboratory parameters could
become a powerful tool for the evaluation of health or
pre-chronic disease state.isease and normality (no detectable organic diseases) in
e (%)
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